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Robert  G.  Reese,  ^  Binod  B.  Dash,^  and  Patrick  A.  Hamilton^ 


ABSTRACT 

During  fiscal  year  1977  the  Bureau  of  Mines  conducted  a  study  to  estimate 
current  recoveries  obtained  by  different  types  of  mechanized  mining  systems  in 
underground  coal  mines.   The  study  also  attempted  to  define  the  effects  on 
recovery  of  different  coalbed  and  mine  characteristics. 

For  this  study,  a  number  of  deep  mines  were  chosen  from  each  major  bitu- 
minous coal-producing  State,  and  a  procedure  was  developed  for  estimating  the 
recovery  obtained  by  each  mining  system  used  in  these  mines.   This  report 
gives  a  detailed  account  of  this  methodology  and  presents  groupings  of  these 
estimates  of  recovery  based  on  readily  obtainable  mine  and  coalbed  character- 
istics such  as  mining  method  used,  annual  production,  market  served,  and  coal- 
bed  thickness.   Using  a  statistical  test  and  these  groupings,  relationships 
were  developed  from  which  conclusions  could  be  drawn. 

Other  factors  that  may  adversely  affect  recovery  were  identified  by  mine 
personnel  but  were  not  examined  because  of  project  constraints.   A  distribu- 
tion showing  the  citation  frequency  of  these  factors  is  also  included  in  this 
report . 

INTRODUCTION 

The  increasing  severity  of  energy  shortages  over  the  last  several  years 
demands  that  recovery  of  our  fossil  fuels  should  be  as  high  as  technologically 
possible.   As  part  of  its  operations,  the  Bureau  of  Mines  program  for  advanc- 
ing coal  mining  technology  sought  development  of  new  technology  to  improve  the 

■"■Geologist ,  Pittsburgh  Energy  Data  Field  Office,  U.S.  Department  of  Energy, 
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Mines,  Pittsburgh,  Pa.). 
^Mining  engineer,  Pittsburgh  Energy  Data  Field  Office,  U.S.  Department  of 

Energy,  Pittsburgh,  Pa.  (formerly  with  Eastern  Field  Operations  Center, 

Bureau  of  Mines,  Pittsburgh,  Pa.). 
Mineral  economist,  Denver  Energy  Data  Field  Office,  U.S.  Department  of 
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recovery  of  coal  in  the  United  States.   Through  this  program,  a  need  was 
recognized  for  an  estimate  of  coal  recovery  obtained  with  current  mining  meth- 
ods and  technology.   Such  an  estimate,  combined  with  knowledge  of  factors  that 
affect  recovery  and  with  information  on  coalbed  characteristics,  would  define 
areas  requiring  research  to  improve  current  technology.   Consequently,  recov- 
ery percentages  obtained  by  the  mining  industry  might  be  increased. 

This  study  deals  with  the  recovery  being  obtained  in  underground  bitumi- 
nous coal  mines.   It  is  related  to  an  earlier  Bureau  of  Mines  study  on  this 
subject  area,*  and  is  complementary  to  a  Bureau  study  done  on  the  recovery 
obtained  in  surface  mines. ^ 

In  the  present  study,  six  major  types  of  mechanized  mining  systems  were 
evaluated  to  determine  their  relative  rates  of  recovery:   (1)  Continuous  min- 
ing with  full  pillar  extraction,  (2)  continuous  mining  with  partial  pillar 
extraction,  (3)  conventional  mining  with  full  pillar  extraction,  (4)  conven- 
tional mining  with  partial  pillar  extraction,  (5)  longwall  mining,  and 
(6)  shortwall  mining.   For  each  method,  mines  were  identified  and  data  gath- 
ered on  various  mine  and  coalbed  characteristics  that  may  affect  coal  recovery, 
Recovery  percentages  were  calculated  for  these  mines  and  related  to  these  dif- 
ferent characteristics. 
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STUDY  METHODOLOGY 

Sample  Selection 

As  a  planning  guide,  a  sample  size  of  100  mines  was  chosen  for  this  study. 
This  number  was  chosen  to  give  adequate  coverage  to  the  six  primary  types  of 
mining  systems  being  employed  in  the  major  bituminous-coal-producing  regions 

^Lowrie,  R.  L.   Recovery  Percentage  of  Bituminous  Coal  Deposits  in  the  United 

States.   BuMines  RI  7109,  1968,  19  pp. 
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of  the  United  States  while  considering  constraints  of  time,  manpower  availa- 
bility, and  funding.   It  was  agreed  later  that  the  100  mines  would  represent 
the  minimum  number  of  mines  used  in  this  study.   Whenever  possible,  data  would 
be  gathered  from  additional  mines.   As  a  result,  a  total  of  103  mines  from  13 
States  as  shown  in  table  1  constituted  the  final  sample.   These  mines  had  a 
1976  production  of  56,521,000  tons,  which  represents  19.1  percent  of  the  total 
U.S.  underground  bituminous  coal  production  for  1976.   The  103  mines  repre- 
sented approximately  4  percent  of  the  underground  bituminous  coal  mines  in 
operation  in  1976. 

TABLE  1.  -  Distribution  of  sample  mines  by  State,  and  distribution 
of  sample  sections  within  these  mines  by  State 
and  mining  method 


Mine 

sections  by  mining  method 

Contin- 

Contin- 

Conven- 

Conven- 

uous 

uous 

tional 

tional 

State 

with 

with 

with 

with 

Long- 

Short- 

Total 

Total 

full 

partial 

full 

partial 

wall 

wall 

sections 

mines 

pillar 

pillar 

pillar 

pillar 

extrac- 

extrac- 

extrac- 

extrac- 

tion 

tion 

tion 

tion 

Alabama 

1 
1 

0 
8 

0 
0 

2 
0 

0 
1 

0 
0 

3 
10 

2 

Colorado 

9 

Illinois 

2 

6 

0 

6 

1 

0 

15 

4 

Kentucky 

7 

10 

0 

7 

2 

2 

28 

13 

New  Mexico 

1 

0 

0 

0 

1 

0 

2 

1 

Ohio 

0 
30 

9 
3 

0 
0 

2 
0 

0 
17 

0 

4 

11 

54 

5 

Pennsylvania. .  .  . 

18 

Tennessee 

4 

0 

3 

0 

0 

0 

7 

3 

Utah 

2 

10 

0 

2 

2 

0 

16 

15 

Virginia 

4 

0 

0 

0 

4 

0 

8 

3 

West  Virginia... 

26 

14 

0 

17 

17 

13 

87 

29 

Wyoming 

0 

1 

0 

0 

0 

0 

1 

1 

Total 

78 

61 

3 

36 

45 

19 

242 

103 

For  the  purposes  of  this  study,  sample  distribution  was  based  on  type  of 
mechanical  mining  system  used.   These  systems  include  (1)  continuous  mining 
with  full  pillar  extraction,  (2)  continuous  mining  with  partial  pillar  extrac- 
tion, (3)  conventional  mining  with  full  pillar  extraction,  (4)  conventional 
mining  with  partial  pillar  extraction,  (5)  longwall  mining,  and  (6)  shortwall 
mining.   Because  source  material  used  to  make  the  sample  distribution  pre- 
vented mine  identification  based  on  the  amount  of  pillar  removal  attempted, 
this  distinction  within  continuous  and  conventional  mining  systems  was  dis- 
regarded when  making  the  initial  sample  distribution.   It  was  felt  that 
through  the  process  of  random  selection,  a  representative  distribution  would 
result,  which  reflected  the  use  of  partial  and  full  pillar  extraction  in  the 
United  States. 


A  proportional  distribution  based  on  the  use  of  different  mining  systems 
was  eliminated  because  so  few  mines  presently  use  longwall  and  shortwall 


methods  compared  with  the  number  using  continuous  and  conventional  room-and- 
pillar  methods.   As  a  result,  in  a  proportional  distribution  longwall  and 
shortwall  mining  systems  would  not  be  adequately  represented.   Therefore,  it 
was  decided  that  the  proposed  distribution  should  keep  the  representation  of 
the  four  systems  as  equal  as  possible  in  an  attempt  to  insure  adequate  repre- 
sentation of  each  type.   In  the  case  of  mines  using  more  than  one  type  of  min- 
ing method,  it  was  decided  to  obtain  information  on  each  type  used.   This 
increased  the  section  inequality  shown  in  table  1,  but  it  allows  comparisons 
between  different  types  of  mining  methods  with  as  many  factors  controlled  as 
possible. 

The  sample  was  distributed  geographically.   The  distribution  was  made 
among  the  13  major  bituminous-coal-producing  States.   Because  of  the  over- 
whelming number  of  underground  mines  in  States  east  of  the  Mississippi  River, 
a  proportional  or  stratified  distribution  was  ruled  out  in  order  to  insure  a 
meaningful  representation  of  western  mines.   The  distribution  of  the  mine 
sample  was  made  so  that  additional  weight  would  be  given  the  mining  industry 
west  of  the  Mississippi  River,  because  the  rapid  recent  development  of  these 
coalfields  might  reflect  more  clearly  the  effects  on  recovery  of  new  technol- 
ogy and  recent  Government  laws  and  policies.   Using  the  minimum  sample  size  as 
a  base,  along  with  the  number  of  identified  western  mines,  it  was  decided  that 
a  maximum  of  32  mines  would  be  from  the  western  coalfields  with  a  minimum  of 
68  mines  coming  from  the  eastern  areas.  Within  each  of  these  regions,  distri- 
bution among  the  individual  States  was  to  be  proportional  to  the  number  of 
mines  in  that  State  subject  to  the  following  guidelines:   (1)  If  possible,  at 
least  two  mines  should  be  included  from  each  State;  (2)  if  a  mining  method 
could  be  identified  as  used  within  a  State,  a  mine  using  that  method  should  be 
included  if  possible. 

Fieldwork 

Information  was  gathered  during  visits  of  Bureau  personnel  with  members 
of  the  mining  industry  at  each  company's  office.   The  people  interviewed  were 
those  familiar  with  the  chosen  mine.   During  the  visit  mine  personnel  were 
asked  to  identify  areas  within  the  mine  that  they  felt  to  be  typical  of  con- 
ditions encountered  during  mining.   Also  during  these  visits,  information  was 
gathered  about  each  company' s  mining  procedure,  taking  into  consideration  the 
conditions  encountered  in  the  coalbed  as  well  as  opinions  concerning  the  per- 
centage of  recovery  obtained. 

The  following  information  was  either  gathered  during  the  visit  or 
assembled  and  sent  to  the  Bureau  later  at  the  company's  convenience.   First, 
an  interview  guide  was  completed.   This  consists  of  general  questions  which 
attempt  to  identify  characteristics  and  conditions  encountered  in  mining  the 
coalbed,  effects  of  various  factors  on  recovery,  and  criteria  for  determining 
the  recovery  being  obtained  by  the  mine.   Second,  portions  of  the  mine  map 
were  obtained  for  those  areas  identified  by  mine  personnel  as  typical  of  the 
mine.   These  maps  either  were  1  inch  =  100  feet  or  1  inch  =  200  feet  in  scale 
or  were  enlarged  to  one  of  these  scales  at  the  Bureau,   Finally,  if  pillar 
extraction  was  done  within  the  typical  areas,  a  copy  of  the  roof  control  plan 
(pillar  plan)  used  for  this  work  was  obtained. 


Definitions  of  Terms  and  Concepts 

The  nature  of  this  study  and  the  criteria  that  only  data  from  recently 
mined  out  areas  should  be  used  to  determine  recovery  resulted  in  a  need  for 
definitions  to  define  our  concepts  of  typical  areas,  barriers  and  other  unre- 
covered  coal,  and  recovery.   Also  a  need  was  recognized  for  a  definition  of 
what  would  be  considered  full  pillar  recovery  and  what  would  be  partial  pillar 
recovery.   The  corresponding  definitions  follow: 

Section. --Areas  identified  as  typical  of  the  mine  represented  portions  of 
former  working  areas  and  were  defined  as  sections  for  the  purposes  of  this 
study.   These  sections  typically  were  mined  by  a  group  of  men  under  a  section 
foreman.   In  the  case  of  continuous  and  conventional  mining  methods,  sections 
were  restricted  to  those  workings  that  were  mined  utilizing  only  one  type  of 
equipment.   For  example,  a  section  classified  as  continuous  mining  with  full 
pillar  extraction  was  developed  and  retreated  by  using  a  continuous  miner  and 
associated  support  equipment. 


For  the  purpose  of  planimetering,  a 
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FIGURE  1.  -  Simulated  map  of  section  mined  by  either 
continuous  or  conventional  mining  equip- 
ment. 


section  was  defined  as  a  set  of  work- 
ings off  the  main  entry  sys- 
tem.  The  length  and  width 
of  a  section  was  determined 
by  the  location  of  the  work- 
ings within  the  mine. 
Length  and  width  were 
assumed  to  be  represented  by 
the  extent  of  mining  shown 
on  the  map  unless  the  extent 
of  the  mine  property,  coal 
outcrop  line,  or  barrier 
pillars  were  also  indicated. 
In  the  case  of  barrier  pil- 
lars between  two  sets  of 
workings,  or  between  the 
workings  and  main  entry  sys- 
tem, half  their  area  was 
assigned  to  the  workings 
defined  as  a  section;  the 
remainder  was  regarded  as 
part  of  the  other  workings 
or  main  entries.   In  cases 
where  the  workings  were  prox- 
imate to  the  coalbed  outcrop 
line  or  the  limits  of  the 
mine  property,  the  general 
trend  of  the  section  was 
determined.   The  boundaries 
defining  the  section  in 
these  directions  were 
located  and  extended  until 
the  outcrop  line  or  property 


boundary  was  intersected.   All  the  area  between  the  workings,  the  extended 
boundaries,  and  the  outcrop  line  or  property  limit  was  included  in  the  area 
considered  to  be  a  section. 

Graphical  representations  incorporating  this  definition  of  a  section  are 
presented  in  figures  1,  2,  and  3.   Due  to  the  similar  nature  of  continuous 
mining  with  full  and  partial  pillar  extraction  and  conventional  mining  with 
full  and  partial  pillar  extraction,  these  four  mining  systems  have  been  com- 
bined into  one  graphical  representation  of  the  definition  in  figure  1. 

Barrier. --The  definition  of  a  barrier  as  used  in  this  study  was  the  same 
as  that  used  in  the  Bureau's  Dictionary  of  Mining,  Mineral,  and  Related 
Terms,   which  defines  a  barrier  as  "Blocks  of  coal  left  between  the  workings 
of  different  mine  owners  and  within  those  of  a  particular  mine  for  safety  and 
the  reduction  of  operations  costs.   It  helps  to  prevent  disasters  of  inunda- 
tion by  water,  of  explosions,  or  fire  involving  an  adjacent  mine  or  another 
part  of  a  mine  and  to  prevent  water  running  from  one  mine  to  another  or  from 
one  section  to  another  of  the  same  mine."   In  addition,  barrier,  as  used  in 
this  report,  refers  to  relatively  solid  blocks  of  coal  left  to  protect  work- 
ings from  squeezes  in  adjacent  areas. 

Coal  Losses. --Coal  losses  as  used  in  this  report  refers  to  any  coal 
unmined  and  left  in  the  section.   Among  the  different  types  encountered  were 
(1)  barriers  left  to  protect  either  the  mine  or  adjacent  areas  within  the 
mine,  (2)  top  coal  left  to  prevent  deterioration  of  the  roof  strata, 

UZJUDDDDUUUUUDDUUUUUUnULJLJULjuuL.^   , 

DDDDDDDDDaDaDDDnannaaaQnnnmnhhrinnnnnnrnr.r.,,, 


J-flflgBH^fflBaHReaBBflagRHRfln 


jDnniDDc 
ODPnR 


innnnnnnnnnnDDnnnnnnnnnnnnnnnnnnazJcun 
Dannnnnnnnnnni:z]nnnnnDannc=iaannannnncz]nn 

^□□□□□□□□□□□□cz/acnnnnnnnannciinnnnnnnnnn 

FIGURE  2.  -  Simulated  map  of  a  longwall  section. 


^Thrush,  Paul  W.  (comp.).   A  Dictionary  of  Mining,  Mineral,  and  Related  Terms. 
BuMines  Special  Publication,  1968,  1269  pp. 
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FIGURE  3.  -  Simulated  map  of  a  shortwall  section. 


(3)  bottom  coal  left  to  pre- 
serve the  floor,  (4)  identi- 
fied areas  of  thin  coal  that 
were  too  low  for  the  equip- 
ment currently  used  to  mine 
effectively  or  economically, 
(5)  barriers  of  coal  left 
around  oil  and  gas  wells  to 
prevent  possible  inflows  of 
these  materials  into  the 
mine,  and  (6)  lenticular 
deposits  of  coal  which  vary 
in  thickness  and  for  which 
no  methods  were  available 
for  determining  the  vertical 
extent  of  the  coal.   Fig- 
ure 4  shows  a  series  of 
graphical  simulations 
representing  these  various 
coal  losses. 

Recovery . - -Recovery  as 
used  in  this  study  was  the 
proportion  or  percentage  of 
the  original  inplace  coal 
that  was  mined.   Extraction 
losses  such  as  spillage  were 
disregarded.   The  equations 
used  to  calculate  the 
recovery  estimates  follow: 

For  recovery  calculations 
which  include  the  areas 
classified  as  barriers 
within  a  section-- 


AT 


(1) 


For  recovery  calculations  concerned  with  the  recovery  percentage  for  only  that 
area  actually  mined  or  available  for  mining-- 


R  = 


AT  -  CTc 
AT  - 


PTU 


BTv 


(100) 


(2) 


a.  Plan  view  of  barriers  left  to  protect 
the  mine  or  adjacent  areas  within 
the  mine. 


b.  Plan  view  of  barriers  left  around  oil 
and  gas  wells  to  protect  the  mine  from 
inundations  of  these  materials. 


c.  Section  view  of  top  coal  left  to 
protect  against  deterioration  of  a 
weak  roof. 


^Section  view  of  bottom  coal  left  to 
protect  a  weak  floor  from  deterioration. 
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e.  Section  view  of  areas  identified  on  the     /  Section  view  of  lenticular  deposits 
mine  map  as  too  thin  for  economical  for  which  the  full  thickness  cannot 

mining  using  the  present  equipment.         always  be  taken. 

FIGURE  4.  -  Graphical  representation  of  coal  losses  considered  when  making 
recovery  estimates. 


where  R  =  recovery  percentage, 

A  =  total  area  of  the  section, 

C  =  the  area  of  a  particular  coal  loss, 

T  =  the  average  thickness  of  the  coalbed, 

Tc  =  the  average  thickness  of  the  coal  loss, 

Tb  =  the  average  thickness  of  the  barriers, 

B  =  the  area  of  the  barriers, 

P  =  total  area  of  the  pillars, 

and    U  =  the  proportion  of  the  pillar  not  recovered  as  calculated  from 
the  pillar  plan. 

Partial  Pillar  Extraction. --Partial  pillar  extraction  as  used  in  this 
work  refers  to  when  no  attempt  was  made  to  recover  all  the  coal  in  an  area  but 
instead  a  portion  was  left  in  the  form  of  pillars  for  preservation  of  surface 
topography  or  for  economic  considerations.   An  attempt  was  made  to  obtain  the 
desired  level  of  extraction  when  development  or  first  mining  work  was  done. 
Sometimes,  however,  the  percentage  of  recovery  was  increased  by  slabbing  the 
pillars,  by  splitting  them,  or  by  taking  several  lifts  or  cuts  at  various 
locations  on  the  pillar.   All  four  methods  were  encountered  in  the  study  and 
were  classified  as  partial  pillar  extraction  since  no  attempt  was  made  to 
recover  all  of  the  available  coal. 

Full  Pillar  Extraction. --Full  pillar  extraction  refers  to  the  attempt  to 
recover  all  coal  available  or  allowed  by  law  in  a  set  of  workings.   This  was 
done  by  developing  a  set  of  workings  to  its  maximum  during  first  mining  and 
later  attempting  to  rob  or  recover  the  coal  remaining  in  the  pillars,  result- 
ing in  caving  and  lowering  of  the  overlying  strata  after  removal  of  the 
pillars. 

Assumptions 

The  procedure  used  in  this  study  represents  a  method  of  determining 
theoretical  recovery  in  specific  areas  for  any  given  mine.   In  this  procedure 
two  assumptions  were  made.   The  first  assumption  was  that  the  mine  map  accu- 
rately represents  the  work  done  underground,  and  while  area  measurements  cal- 
culated for  workings  shown  on  the  map  may  be  erroneous,  these  errors  will 
cancel  each  other,  because  areas  underrepresented  in  one  portion  of  the  sec- 
tion will  be  nullified  by  overrepresentation  of  other  similar  areas.   There- 
fore, planimeter  work  done  on  a  small  area  such  as  an  individual  pillar,  while 
possibly  being  wrong,  will  result  in  an  accurate  estimate  of  the  total  pillar 
area  when  combined  with  the  area  of  all  the  pillars. 
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The  second  assumption  concerned  the  accuracy  of  the  pillar  plan.   Because 
no  underground  work  was  done  in  this  study,  it  was  assumed  that  any  pillar 
work  done  in  a  section  was  the  same  as  that  represented  on  the  pillar  plan. 
Therefore,  by  planimetering  the  pillar  plan,  an  estimate  could  be  made  of  the 
percentage  of  the  pillar  extracted.   This  could  then  be  used  in  estimating  the 
recovery  of  a  section.   In  those  mines  using  full  pillar  recovery  it  was 
assumed  that  while  in  some  instances  100  percent  or  close  to  it  of  the  pillar 
was  recovered,  overall  the  recovery  was  not  this  high.   As  a  result,  through 
discussions  with  mine  personnel,  the  criterion  was  established  that  the  maxi- 
mum overall  pillar  recovery  in  a  section  would  be  approximately  85  percent. 
This  was  the  figure  used  for  those  mines  whose  pillar  plans  call  for  pillar 
recovery  greater  than  85  percent,  thereby  limiting  the  values  of  U  used  in  the 
recovery  formulas  from  1.00  to  0.15,  depending  on  the  amount  of  a  pillar  left 
unrecovered. 

With  these  assumptions  the  analysis  procedure  was  broken  into  four  stages. 
First,  an  area  to  be  designated  as  a  section  along  with  its  definable  barriers 
and  coal  losses  was  identified  on  the  maps  obtained  from  the  company.   Second, 
the  identified  sections  were  planimetered  using  either  a  graphic  calculator  or 
a  manual  planimeter  to  determine  their  areas.   Third,  recovery  percentages 
were  calculated  using  the  formulas  given  above.   This  resulted  in  two  esti- 
mates, one  including  the  barriers  as  part  of  the  total  area,  and  one  excluding 
the  barriers  as  part  of  the  total  area.   Finally,  these  results  were  classi- 
fied in  terms  of  the  factors  and  coalbed  characteristics  identified  as  pos- 
sibly affecting  recovery. 

Factors  Affecting  Recovery 

The  factors  that  might  affect  recovery  were  divided  into  unquantifiable 
factors  and  quantifiable  factors.   Unquantifiable  factors,  such  as  subsidence 
constraints  and  water  problems,  required  more  investigation  at  individual 
mines  than  was  possible  in  this  study.   As  a  result,  no  attempt  was  made  to 
develop  relationships  between  these  factors  and  the  calculated  recovery 
figures. 

Quantifiable  factors  referred  to  those  mine  and  coalbed  characteristics, 
such  as  annual  production,  market  served,  location,  and  coalbed  thickness, 
that  were  readily  obtainable.   It  was  with  these  factors  that  all  statistical 
work  in  this  study  was  done. 

The  calculated  recovery  figures  were  grouped  according  to  the  quantifi- 
able factors  of  the  mine  from  which  they  were  obtained,  and  the  type  of  mining 
system  used  in  this  section.   From  these  groupings,  the  mean,  standard  devia- 
tion, range,  and  number  of  sections  in  the  group  were  determined.   Because  it 
was  believed  that  two  or  more  quantifiable  factors  may  act  jointly  to  affect 
recovery,  groupings  were  also  made  of  the  recovery  figures  based  on  different 
combinations  of  the  quantifiable  factors  taken  two  at  a  time,  and  the  mining 
system  used.   Again,  the  mean,  standard  deviation,  range,  and  number  of  sec- 
tions were  determined  for  each  of  these  groups.   No  division  of  data  was  made 
based  on  combinations  of  three  or  more  quantifiable  factors  because  the  number 
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of  sections  in  any  group  would  probably  be  very  small,  decreasing  confidence 
in  these  results. 

Once  these  groups  were  made  and  the  relevant  statistics  calculated,  a  T 
test  was  used  to  check  for  significant  differences  between  the  groups  and  a 
composite  population  represented  by  grouping  the  recovery  factors  solely  on 
the  type  of  mining  system  used  in  the  section.   For  example,  within  a  table, 
the  mean  of  each  group  using  continuous  mining  with  full  pillar  extraction  was 
compared  with  the  mean  calculated  for  all  sample  sections  using  continuous 
mining  with  full  pillar  extraction. 

The  T  statistic  used  for  this  comparison  was  calculated  from  the  follow- 
ing relationship: 

T(n.i)  -  (X  -  M-o)/(s//^) 

where  T/n_]^\  =  T  statistic  with  (n-1)  degrees  of  freedom, 

X      =  mean  of  a  group, 

[j,o     =  mean  of  all  sections  utilizing  the  same  mining  method  used  in 
the  group, 

s      =  standard  deviation  of  a  group, 

and    n      =  number  of  sections  in  the  group. 

The  T  statistic  resulting  from  this  calculation  was  used  to  test  the  following 
hypothesis:  [i=[ic    versus  '|j,7^o  ,  a  two-tailed  test .  The  significance  level  chosen 
for  this  test  was  0.10.   Using  statistical  tables  for  the  T  distribution,  if 
the  cacluated  T  statistic  was  larger  than  the  value  found  in  the  table,  or 
smaller  than  the  negative  of  this  value  for  the  same  number  of  degrees  of 
freedom  and  a  significance  level  of  0.10,  then  the  hypothesis  [i?y^    was 
accepted.   If  our  calculated  statistic  was  greater  than  the  table's  T  value, 
this  indicated  that  the  sections  which  made  up  that  group  were  probably  chosen 
from  a  population  of  sections  which  had  a  higher  mean  value  than  the  one  cal- 
culated for  all  sample  sections  using  the  same  mining  method.   The  reverse 
situation  occurs  for  calculated  T  values  smaller  than  the  negatives  of  the 
ones  shown  in  the  table.   In  these  cases,  the  mean  of  the  population  from 
which  the  group  was  chosen  was  probably  smaller  than  the  one  calculated  for 
all  sections.   If  the  calculated  T  statistic  was  not  larger  than  the  table 
value  or  smaller  than  the  negative  of  the  table  value,  then  the  hypothesis 
|j,=|io  was  accepted.   This  implied  that  both  figures  could  result  from  samples 
chosen  from  the  same  population. 
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ANALYSIS  OF  DATA 

Recovery  estimates  including  barriers  in  the  mined  area  and  excluding 
barriers  in  the  mined  area  were  calculated  using  the  formulas  developed  pre- 
viously.  However,  most  of  the  statistical  analysis  of  these  estimates  was 
done  using  the  figures  calculated  excluding  barriers  from  the  mined  area, 
because  some  maps  did  not  indicate  the  full  extent  of  the  barriers,  thus 
reducing  the  number  of  sections  that  could  be  included  in  the  sample. 

There  appeared  to  be  several  advantages  to  using  the  recovery  estimates 
without  barriers:   (1)  Comparisons  could  be  made  of  areas  actually  mined, 
removing  the  effect  of  surface  physiography,  (2)  corrections  could  be  made  for 
the  location  of  sections  in  different  areas  of  the  mine,  and  (3)  the  number  of 
sections  that  could  be  included  in  the  sample  was  increased.   There  is  one 
major  disadvantage  to  this  method:   recovery  estimates  made  without  inclusion 
of  barrier  areas  were  higher  than  those  actually  obtained.   However,  since  all 
figures  were  higher,  it  was  felt  that  the  comparative  relationships  should 
remain  the  same. 

The  recovery  estimates  were  grouped  according  to  their  quantifiable 
characteristics.   These  groupings  were  tabulated  and  placed  into  tables  2 
through  9.   Table  2  presents  the  recovery  estimates  calculated  with  barriers 
included,  based  on  the  type  of  mining  method  employed  and  State  location. 
Tables  3  through  9  then  present  groupings  of  the  recovery  estimates  excluding 
barriers,  based  on  the  type  of  mining  method  employed  and  different  quantifi- 
able factors.   Table  10  presents  those  unquantif iable  factors  which  mine 
company  personnel  indicated,  adversely  affected  recovery  in  the  sample  mines, 
along  with  the  frequency  with  which  these  factors  were  cited.   Table  11 
presents  cumulative  estimates  of  recovery  made  by  mine  company  personnel. 
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TABLE  10.  -  Unquantifiable  factors  identified  by  mine  personnel 

as  adversely  affecting  recovery- 


Factors  adversely  affecting  recovery- 


Frequency  mentioned 


Bad  roof  conditions 

Water  problems 

Faults ,  wants ,  washouts 

Oil  and  gas  wells  on  mine  property 

Clay  veins 

Rolls  in  the  coalbed 

Bad  floor  conditions 

Coalbed  splitting 

Coalbed  squeezing 

Displacement  faults 

Excessive  coalbed  dip 

Excessive  depth  of  cover 

Property  line  barriers 

Subsidence  constraints 

Shallow  depth  of  cover 

Areas  of  thin  coal  in  the  mine 

Outcrop  barriers 

Variable  coalbed  thickness 

Sloughing  of  rib  coal 

Haulage  spillage 

State  and  Federal  laws 

Stratigraphic  closeness  of  two  coalbeds 

Equipment  maintenance 

Methane 


32 
29 
25 
12 
8 
8 
7 
6 
6 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
2 
2 
2 
1 
1 


TABLE  11.  -  Composite  statistics  of  mine  personnel  estimates  of  recovery 

including  barrier  areas,  by  mining  method 


Mining  method 


Mean 

Standard 

Number  of 

Range  of 

deviation 

sections 

sample 

73.1 

10.8 

77 

50.0-  95.0 

61.3 

12.0 

57 

33.0-  85.0 

NA 

NA 

NA 

NA 

59.7 

7.8 

33 

45.0-  75.0 

74.4 

9.0 

39 

58.0-  90.0 

84.3 

7.1 

15 

72.0-100.0 

Continuous : 

Full  pillar 

Partial  pillar. . 
Conventional: 

Full  pillar 

Partial  pillar . . 

Longwall 

Shortwall 

NA  Not  available. 
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CONCLUSIONS 

The  following  conclusions  seem  justified  based  on  the  statistical  tests 
performed  on  the  quantifiable  data  and  on  an  objective  look  at  the  unquantifi- 
able  data: 

1.  Regarding  recovery  percentages  by  mining  method,  the  order  from  high- 
est to  lowest  using  estimates  that  include  barrier  areas  is  (1)  longwall  min- 
ing, (2)  continuous  mining  with  full  pillar  extraction,  (3)  shortwall  mining, 

(4)  conventional  mining  with  full  pillar  extraction,  (5)  conventional  mining 
with  partial  pillar  extraction,  and  (6)  continuous  mining  with  partial  pillar 
extraction.   Using  estimates  that  exclude  barrier  areas,  the  order  changes  to 
(1)  continuous  mining  with  full  pillar  extraction,  (2)  longwall  mining, 

(3)  conventional  mining  with  full  pillar  extraction,  (4)  shortwall  mining, 

(5)  conventional  mining  with  partial  pillar  extraction,  and  (6)  continuous 
mining  with  partial  pillar  extraction.   The  change  in  order  of  the  first  four 
mining  methods  in  these  two  rankings  is  probably  a  reflection  of  conditions 
necessary  for  successful  employment  of  longwall  and  shortwall  mining  systems, 
such  as  large  blocks  of  undisturbed  coal  of  uniform  thickness  (tables  2  and  3), 

2.  Using  recovery  estimates  with  and  without  barriers,  no  State  appears 
to  hold  a  significant  advantage  or  disadvantage  in  relation  to  other  major 
coal-producing  States  (tables  2  and  2) . 

3.  Recovery  seems  better  for  those  sections  mined  in  less  than  80  inches 
of  coal,  even  though  significant  improvement  is  shown  only  for  continuous 
mining  with  full  pillar  extraction  (60  to  7  9  inches),  continuous  mining  with 
partial  pillar  extraction  (40  inches,  40  to  59  inches),  and  longwall  mining 
(40  to  59  inches)  (table  4). 

4.  Recovery  is  significantly  lower  in  mines  producing  more  than  900,000 
tpy  for  continuous  mining  with  full  and  partial  pillar  extraction,  conven- 
tional mining  with  partial  pillar  extraction,  and  longwall  mining  (table  5) . 

5.  Recovery  seems  lower  for  those  sections  in  which  the  coal  was  pro- 
duced strictly  for  steam  coal  markets  (table  6). 

6.  There  seems  to  be  lower  recovery  of  coal  for  steam  markets  from  beds 
greater  than  80  inches  thick.  Significant  differences  are  found  for  continu- 
ous mining  with  full  pillar  extraction  (80  to  99  inches),  longwall  mining 

(80  to  99  inches),  and  shortwall  mining  (80  to  99  inches)  (table  7). 

7.  Recovery  of  steam  coal  from  mines  producing  more  than  600,000  tpy  is 
lower  in  eight  of  nine  categories  for  which  data  are  available  (table  8).  In 
five  categories  it  is  significantly  lower. 

8.  Mines  producing  less  than  600,000  tpy  from  coalbeds  less  than  80 
inches  thick  seem  to  have  better  recovery  than  larger  or  similar  size  mines  in 
thicker  coalbeds  (table  9) . 
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9.   Regarding  possible  studies  of  the  unquantifiable  factors  identified 
in  this  report,  their  effect  on  recovery  is  possibly  related  to  their  fre- 
quency of  citation  (table  10). 

10.   Estimates  of  recovery  made  using  the  procedure  developed  in  this 
report  bracket  the  estimates  made  by  mine  personnel  (table  11) . 

While  this  study  does  present  composite  estimates  of  recovery  using  dif- 
ferent mining  systems,  it  is  not  recommended  that  these  figures  be  used  as  the 
final  word  for  estimating  recovery.   The  procedure  used  to  determine  these 
figures  represents  only  one  method  of  arriving  at  an  estimate.  Therefore 
these  figures  may  not  be  applicable  to  all  situations. 
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